The computer code system CALOR has been used to simulate data taken with a large segmented liquid argon/iron calorimeter at Fermilab. The resulting energy and angular distributions along with the longitudinal and transverse shower shapes are compared to experimental data in the range 1-38 GeV 
Presented in this paper are the results of extensive comparisons between the data obtained from an actual large liquid argon-iron device3 and Monte Carlo2 calculations. These comparisons include energy resolution, the longitudinal and lateral spatial distributions of the hadronic shower, and studies of the angular resolution. In contrast to some previous Monte Carlo results on hadronic cascades, an attempt has been made to simulate the experimental conditions and to subject the calculated data to actual experimental analysis.
The segmented liquid argon-iron calorimeter presented in this paper was designed to measure the energy and direction of hadronic showers with good resolution. The important design characteristics included small sampling steps, low noise amplifiers, uniformity of response, high average density (4.17 g/cm'), low In previous calculations similar to the one presented here, neutrons are transported if their energy isabove 10 MeV. For neutrons below 10 MeV it was assumed that they deposited their energy at their point of origin or their energy was prorated between different areas on a gram-thickness basis. To obtain a better smearing of this usually small amount of energy and to prevent isolated localized energy pulses, the cutoff energy in HETC for this study was set at 2 MeV. Neutrons produced below this cutoff deposited all their energy at that point.
The source distribution for the electromagnetic cascade calculation, which consists of photons from neutral pion decay, electrons and positrons from muon decay, and de-excitation gamma rays from inelastic nuclear collisions, is provided by HETC. The transport of the de-excitation gamma rays has been added as a new feature for the same reasons as stated above for low energy neutrons. Since the discrete decay energies were obtained by uniformly sampling from the available energy until it was completely absorbed. The transport of the electrons, positrons, and gammas from the above sources was carried out as described previously. 2
B. Geometry
The liquid argon-iron calorimeter consisted of a solid steel high voltage plate, 60 cm x 60 cm x 3 mm, a 4 mm liquid argon gap, and a plane consisting of 30 signal electrodes made up of steel strips 60 cm x 2 cm of 3 mm thickness, followed by another 4 mm liquid argon gap. This was repeated throughout the device with strips of horizontal (Y) and vertical (X) orientation alternating with each other (see Figure 2 ). The interleaved X and Y strips were ganged longitudinally in groups of 5 (5X and 5Y) to form a readout plane or "segment" of which there were 12. The characteristics of the device are shown in Table 1 . Other construction details, associated electronics, and the cryogenic system are described elsewhere.''5 The calorimeter simulated in the Monte Carlo calculations had the same structure as that described above for the experimental device.
C. Beam Simulation and Analysis of Monte Carlo Hi stories
The experimental beam consisted of a mixture of pions, muons, and electrons. Muons were tagged with scintillation counters behind a 3 m shielding wall at the rear of the calorimeter. To remove the contaminating electrons from the hadron sample, the interaction was required to take place after the first 4 radiation lengths of the calorimeter, i.e., in the second segment.
In contrast to the distribution of the experimental interaction sites, the distribution of the primary interaction locations in the calculation have been forced to be uniform in the second segment. In addition, the interaction distributions in X and Y are uniform over a 4 square cm area, effectively the overlap of a single X and Y strip.
To simulate the electronic noise of the apparatus in the calculations the energy deposited on each strip was smeared by sampling from a Gaussian centered about O noise amplitude of standard deviation 3 MeV. The noise in the experimental data derives primarily from sources such as switching magnets and radio-frequency noise in the building and was not inherent in the calorimeter circuitry. In order to decrease the effects of this background in both the experimental and calculated data, an energy threshold cut (of %5 MeV) was applied.' ADC truncation was performed on the CALOR "data" to simulate the effect of a hardware ADC.
III. Results and Conclusions

A. Energy Resolution
Comparisons of the calculated energy resolutions and the experimental data, as well as the calculated resolutions at energies up to 125 GeV, for incident negatively charged pions are shown in Figure 3 . Also included in the figure are the data of Fabjan, et al.7
The agreement between the calculated data is good in the 10-38 GeV region. The fits to the experimental data (which include data from 1-38 GeV) gives:
whose E is in GeV. The fit to the CALOR data using also the data of Reference 7 from 1-10 GeV, gives approximately:
Using all the data, including CALOR up to 125-GeV, the resulting fit is:
Equations 1, 2, and 3 are in good agreement. A comparison of equation 3 with equations 1 and 2 indicate that the constant term from the fit is almost energy independent.8 If the fraction of the electromagnetic contribution to the hadronic cascade is rising at 125 GeV, it is possible that at higher energies, the constant term will decrease to zero and the resolution will become proportional to just 1/L. This assumes that the energy leakage remains negligible. Studies at higher energies may help to resolve this issue. The Monte Carlo calculates the fraction of energy in a hadron shower that is deposited in an electromag- Figure 6a for the Monte Carlo histories and in Figure 6b for the experimental data. Experimental results indicate that the full width of this distribution is 3.6 cm and that it increases slowly to 4.0 cm at 38 GeV. The Monte Carlo result is 4.2 cm at 10 GeV.
To determine the angular resolution, the projected shower angles were calculated using an energy weighted average over all sections in the calorimeter downstream of the detected primary collision vertex. In order to assure a consistent method of comparison of the angular resolutions the rms widths were used (see Figure 7) . A fit to the CALOR data alone to 125 GeV yields:
ca(e) = (19.8 + 512 mrad.
A fit to the combined experimental data and CALOR data to 125 GeV gives:
a(e) = (22.7 + 390 ) mrad.
The x2 in all cases is about 1 per degree of freedom. The agreement is again good. The constant term in the fits of the angular resolution does not appear to depend on the energy.
C Conclusions
A computer program, CALOR, has been used to simulate data taken with a large segmented Fe-liquid argon hadron calorimeter at Fermilab. Monte Carlo histories were analyzed in the same manner as actual beam data. The data was taken in the energy range 10-38 GeV. CALOR was used to extend the energy range studied to 125 GeV. In all cases the CALOR results were consistent with the experimental data within errors. The two data sets, were combined to calculate the angular resolution of this instrument from 10-125 GeV. Lower energy data, were added to derive the energy resolution in the range 1-125 GeV. The general behavior of the instrument and of hadron showers was studied over this energy range.
The energy resolution in the range GeV was found to be described by:
E-= (7.6 + )% 
